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(54) Optical tomography imaging method and apparatus 



(57) Amplified spontaneous emission light, which is 
low coherence light radiated out from an optical fiber 
doped with a light emitting material when excitation en- 
ergy is applied to the optical fiber, is divided into signal 
light and reference light. A frequency of the reference 



light is shifted to a frequency slightly different from the 
frequency of the signal light. A tomographic image of a 
measuring site is acquired from an intensity of interfer- 
ence light formed by the signal light reflected from the 
measuring site and the reference light. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an optical tomography 
imaging method and apparatus, wherein a signal tight 
beam, which is a low coherence light beam, is irradiated 
to a measuring site, and a tomographic image of the 
measuring site is thereby acquired. This invention par- 
ticularly relates to an optical tomography imaging meth- 
od and apparatus, wherein fine structure information at 
a surface of a measuring site and a deep portion of the 
measuring site is imaged in accordance with a reflected 
light beam of a signal light beam. 

Description of the Related Art 

[0002] Optical tomography imaging apparatuses uti- 
lizing a low coherence light beam, particularly optical to- 
mography imaging apparatuses, in which an optical in- 
tensity of a low coherence interference light beam is 
measured with a heterodyne detection technique and a 
tomographic image of a measuring site is thereby ob- 
tained, have heretofore been utilized for acquiring opti- 
cal tomography images of fine structures under the eye- 
ground retina. 

[0003] With the optical tomography imaging appara- 
tuses, a tomographic information is acquired by dividing 
a low coherence light beam, which has been radiated 
out from a light source comprising a super luminescent 
diode (SLD), or the like, into a signal light beam and a 
reference light beam, slightly shifting a frequency of the 
reference light beam with a piezo-electric device, or the 
like, irradiating the signal light beam to a measuring site, 
causing reflected light beam of the signal light beam, 
which has been reflected from a predetermined depth 
in the measuring site, and the reference light beam to 
interfere with each other, and measuring the optical in- 
tensity of the interference light beam with the hetero- 
dyne detection technique. The information at the deep 
portion of the measuring site has heretofore been ac- 
quired by slightly moving a moving mirror, or the like, 
which is located in an optical path of the reference light 
beam, thereby altering an optical path length of the ref- 
erence light beam, and causing the optical path length 
of the reference light beam and the optical path length 
of the signal light beam to coincide with each other. 
[0004] In the optical tomography imaging apparatus- 
es described above, in order for the tomographic infor- 
mation at the desired depth in the measuring site to be 
obtained, it is ideal that the interference of the signal 
light beam and the reference light beam with each other 
occurs only when the optical path length of the reference 
light beam and the optical path length of the signal light 
beam perfectly coincide with each other. However, ac- 
tually, in cases where the difference between the optical 



path length of the signal light beam and the optical path 
length of the reference light beam is equal to at most a 
coherence length determined by the light source., the in- 
terference of the signal light beam and the reference 
5 light beam with each other occurs. Specifically, resolu- 
tion in the low coherence interference is determined by 
the coherence length, which is determined by the light 
source. 

[0005] In cases where a wavelength distribution of the 
10 light beam produced by the light source is a Gaussian 
distribution, a coherence length AL is represented by 
Formula (1) shown below. 

?5 AL= (2/n) 'In2' (Xc/AX) (1) 

wherein ^c represents the center wavelength, and AX 
represents the spectral width. 

[0006] For example, in cases where a SLD producing 
20 a light beam having a center wavelength of 800nm and 
a spectral width of 20nm is employed as the light source, 
the coherence length becomes equal to approximately 
14jim. Therefore, in cases where the SLD having the 
characteristics described above is employed as the light 
25 source in the conventional optical tomography imaging 
apparatuses described above, the resolution becomes 
equal to approximately 1 4u.m. Accordingly, with the con- 
ventional optical tomography imaging apparatuses de- 
scribed above, in cases where the measuring site has 
30 a plurality of layers falling within a thickness approxi- 
mately equal to the resolution, reflected light beams 
coming from the respective layers could not be discrim- 
inated from one another. 

[0007] Recently, in the clinical fields, usefulness of to- 
ss mographic images of living body tissues, and the like, 
has been known widely, and it is desired that, besides 
tomographic images of the eyeball site, tomographic im- 
ages of living body tissues, which exhibit higher light 
scattering than the eyeball site, be acquired with a high 
40 resolution. For such purposes, it is necessary to utilize 
a light source, which is capable of producing a low co- 
herence light beam having a high intensity and a short 
coherence length. However, with the SLD, the output 
cannot always be enhanced. Also, with the SLD, the 
45 problems occur in that, since the spectral width is deter- 
mined by a band gap, the spectral width cannot be set 
at a large value and the coherence length cannot be set 
to be short. 

[0008] Therefore, an optical tomography imaging ap- 
so paratus, in which a light source provided with a KLM 
mode-locked Tksapphire laser is utilized, has been pro- 
posed in, for example, "Optics Letters," Vol. 21 , No. 22, 
pp. 1 839 to 1 841 , by B. E. Bouma, et al., 1 996. With the 
proposed optical tomography imaging apparatus, a low 
55 coherenc light beam having a high intensity and a wide 
spectral width is obtained by the utilization of an ul- 
trashort pulsed light beam and dispersion delay of an 
optical fiber and is utilized as a signal light beam and a 
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reference light beam, such that a tomographic image is 
capable of being acquired with a high resolution. 
[0009] However the optical tomography imaging ap- 
paratus described above, in which the light source pro- 
vided with the KLM mode-locked Tt:sapphire laser is uti- 
lized, has the problems in that the light source section 
is large in size, high in cost, and hard to process. Thus 
the optical tomography imaging apparatus described 
above, in which the light source provided with the KLM 
mode-locked Ti:sapphire laser is utilized, practically has 
the problems with regard to the size, the cost, and the 
processing of the apparatus. 

SUMMARY OF THE INVENTION 

[0010] The primary object of the present invention is 
to provide an optical tomography imaging method for ac- 
quiring a tomographic image by the utilization of low co- 
herence interference, wherein a light source, which is 
large in size, high in cost, and hard to process, need not 
be utilized, and tomographic information is capable of 
being acquired with a high resolution. 
[0011] Another object of the present invention is to 
provide an apparatus for carrying out the optical tomog- 
raphy imaging method. 

[0012] The present invention provides an optical tom- 
ography imaging method, comprising the steps of: 

i) dividing a low coherence light beam into a signal 
light beam and a reference light beam, 

ii) irradiating the signal light beam to a measuring 
site, 

iii) shifting a frequency of the reference light beam 
to a frequency having a slight frequency difference 
from the frequency of the signal light beam, 

iv) causing a reflected light beam of the signal light 
beam, which has been reflected from a predeter- 
mined deep portion of the measuring site, and the 
reference light beam to interfere with each other, an 
interference light beam being thereby obtained, 

v) measuring an intensity of the interference light 
beam, and 

vi) acquiring an optical tomography image of the 
measuring site in accordance with the measured in- 
tensity of the interference light beam, 

wherein the low coherence light beam is an am- 
plified spontaneous emission light beam, which is radi- 
ated out from an optical fiber having been doped with a 
light emitting material when excitation energy is applied 
to the optical fiber. 

[0013] The present invention also provides an optical 
tomography imaging apparatus, comprising: 

i) means for dividing a low coherenc light beam 
into a signal light beam and a reference light beam, 

ii) means for irradiating the signal light beam to a 
measuring site, 



iii) means for shifting a frequency of the reference 
light beam to a frequency having a slight frequency 
difference from the frequency of the signal light 
beam, 

iv) means for causing a reflected light beam of the 
signal light beam, which has been reflected from a 
predetermined deep portion of the measuring site, 
and the reference light beam to interfere with each 
other, an interference light beam being thereby ob- 
tained, 

v) means for measuring an intensity of the interfer- 
ence light beam, and 

vi) means for acquiring an optical tomography im- 
age of the measuring site in accordance with the 
measured intensity of the interference light beam, 

wherein the low coherence light beam is an am- 
plified spontaneous emission light beam, which is radi- 
aLed out from an optical fiber having been doped with a 
light emitting material when excitation energy is applied 
to the optical fiber. 

[001 4] The term "light emitting material" as used here- 
in means a material having properties such that the ma- 
terial is capable of being excited by excitation energy 
applied from the exterior, and the excitation energy is 
thereby radiated out as light from the material. Also, the 
term "reflected light beam of a signal light beam having 
been reflected from a predetermined deep portion of a 
measuring site" as used herein means both the reflected 
light beam, which has been reflected from the predeter- 
mined deep portion of the measuring site, and the re- 
flected light beam, which has been reflected from the 
surface of the measuring site. 

[0015] The term "measuring an intensity of an inter- 
ference light beam" as used herein means the measure- 
ment of the intensity of a beat signal (i.e., the interfer- 
ence light beam) , the intensity of which repeatedly be- 
comes high and low at a frequency equal to the differ- 
ence between the frequencies of the signal light beam 
and the reference light beam. By way of example, the 
measurement may be made with a heterodyne interfer- 
ometer. 

[0016] In the optical tomography imaging method and 
apparatus in accordance with the present invention, the 
measuring site should preferably be a site of living body 
tissues : and 

a wavelength of the low coherence light beam 
should preferably fall within the range of 600nm to 
1700nm. 

[0017] Also, the excitation energy should preferably 
be energy of excitation light having a wavelength falling 
within a wavelength region of 500nm to 1700nm. 
[0018] Further, the light emitting material should pref- 
erably be a dye capable of producing fluorescence. 
[0019] Furthermor ,th light emitting material may be 
selected from the group consisting of transition metal 
ions, rare earth element ions, and complex ions. 
[0020] Also, the light emitting material may be at least 
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one kind of ion selected from the group consisting of 
Cr 3-1 -, Mn 44 , Mn 2 + Fe 3+ , which are transition metal ions; 
Sc 3 ^ Y 3+ . La 3+ : Ce 3+ , Pr 3 + Nd 3+ , Pm 3+ : Sm 3+ ; Eu 3+ r 
Gd 3+ , Tb 3 + Dy 3 +, Ho 3+ , Er 3 *, Tm 3+ , Yb 3+ , and Lu 3+ , 
which are rare earth element ions; and W0 4 2 *, Mo0 4 2 ", 
V0 4 3+ , Pt(CN) 4 2 -, and W0 6 6 ", which are complex ions. 
[0021] With the optical tomography imaging method 
and apparatus in accordance with the present invention, 
as the low coherence light beam for forming the signal 
light beam and the reference light beam, the amplified 
spontaneous emission light beam, which is radiated out 
from the optical fiber having been doped with the light 
emitting material when the excitation energy is applied 
to the optical fiber, is utilized. Therefore, the low coher- 
ence light beam having a high intensity and a wide spec- 
tral width is capable of being obtained from a light 
source, which is small in size, low in cost, and easy to 
process. Accordingly, the light source provided with an 
ultrashort pulse laser, or the like, which light source was 
necessary in the conventional optical tomography imag- 
ing apparatuses and is large in size, high in cost, and 
hard to process, need not be utilized, and the resolution 
in low coherence interference is capable of being en- 
hanced. 

[0022] Also, with the optical tomography imaging 
method and apparatus in accordance with the present 
invention, wherein the measuring site is a site of living 
body tissues, and the wavelength of the low coherence 
light beam falls within the range of 600nm to 1700nm, 
the signal light beam has desirable transmission char- 
acteristics and desirable scattering characteristics at the 
measuringsite. Therefore, a desired tomographic image 
is capable of being acquired. 

[0023] Further, with the optical tomography imaging 
method and apparatus in accordance with the present 
invention, wherein the excitation energy is energy of the 
excitation light having a wavelength falling within the 
wavelength region of 500nm to 1700nm, the light emit- 
ting material, which has been doped in the optical fiber, 
is capable of being excited efficiently. 
[0024] Furthermore, with the optical tomography im- 
aging method and apparatus in accordance with the 
present invention, wherein the light emitting material is 
the dye capable of producing the fluorescence, the low 
coherence light beam having a desirable center wave- 
length and a desired spectral width is capable of being 
obtained. 

[0025] Also, with the optical tomography imaging 
method and apparatus in accordance with the present 
invention, wherein the light emitting material is selected 
from the group consisting of transition metal ions, rare 
earth element ions, and complex ions, the light emitting 
material is capable of being easily doped in the optical 
fiber. Further, the low coherence light beam having a de- 
sirabl center wavelength and a desired spectral width 
is capable of being obtained. 

[0026] Furthermore, with the optical tomography im- 
aging method and apparatus in accordance with the 
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present invention, the light emitting material may be at 
least one kind of ion selected from the group consisting 
of Cr 3+ . Mn 44 , Mn 2+ ; Fe 3+ ; which are transition metal 
ions; Sc 3+ , Y 34 , La 3+ , Ce 3+ , Pr 3+ , Nd 3+ , Pm 3+ , Sm 3+ , 

5 Eu 3+ , Gd 3+ , Tb 3+ , Dy 3 *, Ho 3+ , Er 3+ 3 Tm 3+ , Yb 3 +, and 
Lu 3+ , which are rare earth element ions; and W0 4 2 ', 
Mo0 4 2 ", V0 4 3+ , Pt(CN) 4 2 -, and W0 6 6 ", which are com- 
plex ions. In such cases, the excitation light is capable 
of being efficiently converted into the desired low coher- 

10 ence light beam. 

BRIEF DESCRIPTION OF THE DRAWING 

[0027] Figure 1 is a schematic view showing an em- 
15 bodiment of the optical tomography imaging apparatus 
in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

[0028] The present invention will hereinbelow be de- 
scribed in further detail with reference to the accompa- 
nying drawing. 

[0029] Figure 1 is a schematic view showing an em- 

25 bodiment of the optical tomography imaging apparatus 
in accordance with the present invention. 
[0030] With reference to Figure 1, the optical tomog- 
raphy imaging apparatus comprises a light source sec- 
tion 100 for radiating out a low coherence light beam 

30 having a center wavelength of 800nm and a spectral 
width of approximately 200nm. The optical tomography 
imaging apparatus also comprises a fiber coupling op- 
tical system 200 for dividing the low coherence light 
beam, which has been radiated out from the light source 

35 section 1 00, into a reference light beam Lr and a signal 
light beam Ls and combining the reference light beam 
Lr and a signal light beam Ls', which is a reflected light 
beam of the signal light beam Ls having been reflected 
from a predetermined plane (or a predetermined deep 

40 portion) in a measuring site 10 of living body tissues, 
with each other. The optical tomography imaging appa- 
ratus further comprises an optical path delay section 
300, which is located in an optical path of the reference 
light beam Lr and alters an optical path length of the 

4 $ reference light beam Lr. The optical tomography imag- 
ing apparatus still further comprises a light scanning 
section 400 for scanning the measuring site 1 0 with the 
signal light beam Ls. The optical tomography imaging 
apparatus also comprises a balancing and difference 

50 detecting section 500 for detecting an intensity of an in- 
terference light beam Lc, which is formed from the in- 
terference of the signal light beam Ls 1 , which is the re- 
flected light beam of the signal light beam Ls having 
been reflected from the predetermined plane in the 

55 measuring site 10, and the reference light beam Lr with 
each other. The optical tomography imaging apparatus 
further comprises a signal processing section 600, 
which performs heterodyne detection for detecting the 
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intensity of the signal light beam Ls' having been reflect- 
ed from the predetermined plane in the measuring site 
10. The intensity of the signal light beam Ls' is detected 
from the optical intensity of the interference light beam 
Lc having been detected by the balancing and differ- 
ence detecting section 500. The signal processing sec- 
tion 600 also converts the detected intensity of the signal 
light beam Ls' into an image signal. The optical tomog- 
raphy imaging apparatus still further comprises an im- 
age displaying section 700 for reproducing a tomo- 
graphic image from the image signal, which has been 
obtained from the signal processing section 600, and 
displaying the tomographic image. 
[0031 ] The light source section 1 00 comprises a fiber 
light source 101, which produces the low coherence 
light beam when excitation light is irradiated to the fiber 
light source 1 01 . The light source section 1 00 also com- 
prises a semiconductor laser 102 for producing a laser 
beam having a wavelength of 660nm, which laser beam 
acts as the excitation light for exciting the fiber light 
source 101. The light source section 100 further com- 
prises a lens 1 03 for converging the excitation light onto 
an entry end face of the fiber light source 101 . The light 
source section 100 still further comprises an excitation 
light cut-off filter 104 for filtering out light having wave- 
lengths falling within a wavelength region of at most 
700nm, such that the excitation light mixed in the low 
coherence light beam may be filtered out. The light 
source section 1 00 also comprises a lens 1 05 and a lens 
1 06 for converging the low coherence light beam, which 
has been produced by the fiber light source 101 . 
[0032] The fiber light source 101 is constituted of an 
optical fiber having a core 1 07, which extends along the 
center line of the optical fiber. The core 107 has been 
doped with a dye, which is capable of absorbing the ex- 
citation light and emitting light. When the excitation light 
impinges upon the entry end face of the fiber light source 
101, the low coherence light beam having the center 
wavelength of approximately 800nm and the spectral 
width of approximately 200nm is radiated out from a ra- 
diating end face of the fiber light source 1 01 . 
[0033] The fiber coupling optical system 200 compris- 
es a fiber coupler 201 for dividing the low coherence light 
beam, which has been produced by the fiber light source 
1 01 and has been radiated out from the light source sec- 
tion 100, into the reference light beam Lr and the signal 
light beam Ls and combining the reference light beam 
Lr and the signal light beam Ls', which is the reflected 
light beam of the signal light beam Ls having been re- 
flected from the predetermined deep portion of the 
measuring site 1 0, with each other in order to obtain the 
interference light beam Lc. The fiber coupling optical 
system 200 also comprises a fiber coupler 202, which 
is located between the light source section 1 00 and the 
fiber coupler 201 . The fiber coupling optical system 200 
further compris s a piezo-electric device 203 for slightly 
shifting the frequency of the r ference light beam Lr. The 
fiber coupling optical system 200 still further comprises 



a fiber 204 for connecting the light source section 100 
and the fiber coupler 202 with each other. The fiber cou- 
pling optical system 200 also comprises a fiber 205 for 
connecting the optical path delay section 300 and the 

5 balancing and difference detecting section 500 via the 
fiber couplers 201 and 202. The fiber coupling optical 
system 200 further comprises a fiber 206 for connecting 
the light scanning section 400 and the balancing and 
difference detecting section 500 with each other via the 

10 fiber coupler 201 . The fibers 204, 205, and 206 are sin- 
gle mode optical fibers. 

[0034] The optical path delay section 300 comprises 
a lens 301 for collimating the reference light beam Lr, 
which has been radiated out from the fiber 205, and 

15 causing the reflected reference light beam Lr to impinge 
upon the fiber 205. The optical path delay section 300 
also comprises a prism 302, which is moved in the hor- 
izontal direction in Figure 1 and thereby alters the optical 
path length of the reference light beam Lr. 

20 [0035] The light scanning section 400 comprises a 
lens 401 and a lens 402, which alter the position of the 
signal light beam Ls in the vertical direction in Figure 1 . 
The lens 401 and the lens 402 also cause the signal light 
beam Ls 1 , which has been reflected from the measuring 

25 site 10, to impinge upon the fiber 206. 

[0036] The balancing and difference detecting section 
500 comprises a photodetector 501 and a photodetector 
502 for measuring the optical intensity of the interfer- 
ence light beam Lc. The balancing and difference de- 

30 tecting section 500 also comprises a differential ampli- 
fier 503 for adjusting the input balance of the value hav- 
ing been detected by the photodetector 50 1 and the val- 
ue having been detected by the photodetector 502, can- 
celing noise components and drift components, and am- 

35 plifying the difference. 

[0037] How the embodiment of the optical tomogra- 
phy imaging apparatus operates will be described here- 
inbelow. 

[0038] Firstly, the excitation light having the wave- 

40 length of 660nm is produced by the semiconductor laser 
1 02, converged by the lens 1 03, and introduced into the 
core 1 07 of the fiber light source 1 01 . 
[0039] The excitation light propagates through the 
core 1 07 and is absorbed by the dye having been doped 

45 in the core 1 07. The dye having absorbed the excitation 
light transits from a ground state to an excited state. The 
dye returns from the excited state to the ground state 
via thermal relaxation and light emission processes. 
Since the fiber light source 101 does not constitute an 

so optical resonator, respective light components emitted 
by the dye are amplified randomly without any correla- 
tion, propagated through the core 107, and radiated out 
as a spontaneous emission light beam from the radiat- 
ing end face of the fiber light sourc 1 01 . The sponta- 

55 neous emission light beam is th low coh r nee light 
beam having spectral characteristics, which are deter- 
mined by an emission spectrum of th dye having been 
doped in the core 1 07 and transmission characteristics 
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of the fiber light source 101. Also, the optical intensity 
of the spontaneous emission light beam depends upon 
the optical intensity of the excitation light and the amount 
of the dye having been doped in the core 107. Specifi- 
cally, the low coherence light beam having the desired 5 
center wavelength, the desired spectral width, and the 
desired optical intensity is capable of being obtained by 
appropriately selecting the optical intensity of the exci- 
tation light, the kind and the amount of the dye doped in 
the core 1 07 of the fiber light source 1 01 , and the length 
of the fiber light source 1 01 . 

[0040] In this embodiment, the low coherence light 
beam having the center wavelength of approximately 
800nm and the spectral width of approximately 200nm 
is radiated out from the fiber light source 101 . The low 
coherence light beam is collimated by the lens 105 and 
passes through the excitation light cut-off filter 104. 
Thereafter, the low coherence light beam is converged 
by the lens 106 and introduced into the fiber 204. 
[0041] The low coherence light beam, which has 
passed through the fiber 204, is introduced by the fiber 
coupler 202 into the fiber 205. Also, the low coherence 
light beam is dived by the fiber coupler 201 into the ref- 
erence light beam Lr, which travels through the fiber205 
toward the optical path delay section 300, and the signal 
light beam Ls, which travels through the fiber 206 toward 
the light scanning section 400. 

[0042] The reference light beam Lr is modulated by 
the piezo-electric device 203, which is located in the op- 
tical path of the reference light beam Lr, and a slight fre- 
quency difference Af occurs between the reference light 
beam Lr and the signal light beam Ls. 
[0043] The signal light beam Ls passes through the 
lens 401 and the lens 402 of the light scanning section 
400 and impinges upon the measuring site 1 0. The sig- 
nal light beam Ls' of the signal light beam Ls impinging 
upon the measuring site 10, which signal light beam has 
been reflected from the predetermined depth in the 
measuring site 10, returns through the lens 402 and the 
lens 401 into the fiber 206. At the fiber coupler 201 , the 
signal light beam Ls', which has returned into the fiber 
206, is combined with the reference light beam Lr, which 
has returned into the fiber 205 in the manner described 
later. 

[0044] The reference light beam Lr, which has been 
modulated by the piezo-electric device 203, passes 
through the fiber 205 and then passes through the lens 
301 of the optical path delay section 300. The reference 
light beam Lr having passed through the lens 301 im- 
pinges upon the prism 302 and is reflected by the prism 
302. The reference light beam Lr having been reflected 
by the prism 302 again passes through the lens 301 and 
returns into the fiber 205. At the fiber coupler 201 , the 
reference light beam Lr having returned into the fiber 
205 is combined with the signal light beam Ls' described 
above. 

[0045] The signal light beam Ls' and the reference 
light beam Lr, which have been combined with each oth- 
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er by the fiber coupler 201, are coaxially superposed 
one upon the other. When predetermined conditions are 
satisfied, the signal light beam Ls' and the reference 
light beam Lr interfere with each other. As a result, the 
interference lightbeam Lc is formed, and the beat signal 
occurs. 

[0046] Each of the reference light beam Lr and the sig- 
nal light beam Ls' is the low coherence light beam hav- 
ing a short coherence length. Therefore, in cases where 
the optical path length of the signal light beam Ls (Ls 1 ) 
traveling from the position, at which the low coherence 
light beam is divided into the signal light beam Ls and 
the reference light beam Lr, to the position of the fiber 
coupler 201 , to which the signal light beam Ls' returns, 
is approximately equal to the optical path length of the 
reference light beam Lr traveling from the position, at 
which the low coherence light beam is divided into the 
signal light beam Ls and the reference light beam Lr, to 
the position of the fiber coupler 201 , to which the refer- 
ence light beam Lr returns, the signal light beam Ls' and 
the reference light beam Lr interfere with each other. As 
a result, the beat signal, the intensity of which repeatedly 
becomes high and low at the frequency equal to the dif- 
ference (Af) between the frequencies of the signal light 
beam Ls' and the reference light beam Lr interfering with 
each other, occurs. 

[0047] The interference light beam Lc is divided by the 
fiber coupler 201 into two interference light beams Lc, 
Lc. One of the divided interference light beams Lc, Lc 
passes through the fiber 205 and impinges upon the 
photodetector 501 of the balancing and difference de- 
tecting section 500. The other interference light beam 
Lc passes through the fiber 206 and impinges upon the 
photodetector 502 of the balancing and difference de- 
tecting section 500. 

[0048] The photodetector 501 and the photodetector 

502 detect the optical intensity of the beat signal from 
the interference light beam Lc. Also, the differential am- 
plifier 503 calculates the difference between the value 
detected by the photodetector 501 and the value detect- 
ed by the photodetector 502. The differential amplifier 

503 feeds out the information representing the calculat- 
ed difference into the signal processing section 600. The 
differential amplifier 503 is provided with the functions 
for adjusting the balance of direct current components 
of the input values. Therefore, in cases where drift oc- 
curs in the low coherence light beam having been radi- 
ated out fro the light source section 1 00, the balance of 
the direct current components is capable of being ad- 
justed and the difference is capable of being amplified. 
In this manner, the drift components are canceled, and 
only the beat signal components are detected. 
[0049] In such cases, when the prism 302 is moved 
in the optical axis direction (i.e. , horizontally in Figure 
1) , the optical path length of the reference light beam 
Lr traveling from the position, at which the low coher- 
ence light beam is divided into the signal light beam Ls 
and the reference light beam Lr, to the position of the 
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fiber coupler 201 : to which the reference light beam Lr 
returns, alters. As a result, the optical path length of the 
signal light beam Ls (Ls') r which is capable of undergo- 
ing the interference with the reference light beam Lr, al- 
so alters. Therefore, the tomographic information at a 
different depth in the measuring site 10 is capable of 
being acquired. 

[0050] With the operations described above, the tom- 
ographic information at planes, which range from the 
surface and the desired deep portion, at the predeter- 
mined point of the measuring site 10 is acquired. There- 
after, with the lens 401 and the lens 402 of the light scan- 
ning section 400, the incidence point of the signal light 
beam Ls upon the measuring site 10 is slightly shifted 
vertically in Figure 1 . Also, in the same manner as that 
described above, the tomographic information at 
planes, which range from the surface and the predeter- 
mined deep portion, at the new point of the measuring 
site 1 0 is acquired. The operations described above are 
iterated, and tomographic images of the measuring site 
10 are capable of being acquired. 
[0051] The signal processing section 600 performs 
the heterodyne detection for detecting the intensity of 
the signal light beam Ls', which has been reflected from 
the predetermined plane in the measuring site 1 0, in ac- 
cordance with the optical intensity of the interference 
light beam Lc, which optical intensity has been detected 
by the balancing and difference detecting section 500. 
The detected intensity of the signal light beam Ls' is con- 
verted into an image signal. Also, a tomographic image 
is reproduced from the image signal and displayed at 
the image displaying section 700. 
[0052] The center wavelength of the low coherence 
light beam radiated out from the light source section 1 00 
is SOOnm, and the spectral width of the low coherence 
light beam is 200nm. Therefore, with Formula (1 ) shown 
above, the coherence length is calculated to be 1 .4u,m. 
Specifically, the resolution in the low coherence interfer- 
ence becomes equal to 1 .4um 

[0053] Accordingly, the light source provided with an 
ultrashort pulse laser, or the like, which light source was 
necessary in the conventional optical tomography imag- 
ing apparatuses and is large in size, high in cost, and 
hard to process, need not be utilized, and the resolution 
in the low coherence interference is capable of being 
enhanced to a high resolution, with which the fine tom- 
ographic image of the living body tissues, or the like, is 
capable of being acquired. 

[0054] Also, the wavelength of the low coherence light 
beam falls within the range of approximately 700nm to 
approximately 900nm. Therefore, the signal light beam 
Ls has desirable transmission characteristics and desir- 
able scattering characteristics at the measuring site 10 
of the living body tissues. Therefore, a d sir d tomo- 
graphic image is capable of being acquired. 
[0055] Further, the excitation energy is energy of the 
laser beam having the wavelength of 660nm, which la- 
ser beam is produced by the semiconductor laser 1 02. 



Therefore, the dye, which has been doped in the fiber 
light source 101 , is capable of being excited efficiently. 
[0056] In this embodiment, the fiber light source 101 
is capable of being changed over to a different one. 

5 Therefore, in accordance with the light transmission 
characteristics and the light scattering characteristics of 
the measuring site 10, the center wavelength and the 
spectral width of the low coherence light beam are ca- 
pable of being selected appropriately. Accordingly, use- 

10 fulness of the optical tomography imaging apparatus is 
capable of being enhanced even further. 
[0057] In the embodiment described above, the sem- 
iconductor laser 1 02 is employed as the excitation light 
source. Alternatively, in lieu of the semiconductor laser 

15 1 02, a YAG laser for producing a second harmonic hav- 
ing a wavelength of 660nm may be employed. In such 
cases, the excitation light having an enhanced intensity 
is capable of being obtained. Therefore, the low coher- 
ence light beam having an enhanced intensity is capa- 

20 ble of being obtained. 

[0058] In a modification of the embodiment described 
above, in lieu of the fiber light source 101 having been 
doped with the dye, a fiber light source having been 
doped with a light emitting material selected from the 

25 group consisting of transition metal ions, rare earth ele- 
ment ions, and complex ions, may be employed. The 
above-enumerated ions are capable of being easily 
doped in the core of the fiber light source. Therefore, in 
cases where the above-enumerated ions are utilized, 

30 the production cost of the fiber light source is capable 
of being kept low. Also, as the light emitting material, it 
is possible to employ at least one kind of ion selected 
from the group consisting of Cr 3 *, Mn 44 , Mn 2+ , Fe 3+ , 
which are transition metal ions; Sc 3+ , Y 3+ , La 3+ , Ce 3+ , 

35 Pr 3 +, Nd 3+ , Pm 3+ , Sm 3 *, Eu 3+ , Gd 3+ , Tb 3+ , Dy 3+ , Ho 3+ , 
Er 3 -*-, Tm 3+ , Yb 3+ , and Lu 3+ , which are rare earth ele- 
ment ions; and W0 4 2 -, Mo0 4 2 -, V0 4 3+ , Pt(CN) 4 2 ", and 
W0 6 6_ , which are complex ions. In such cases, the ex- 
citation light is capable of being efficiently converted into 

40 the low coherence light beam having the desired center 
wavelength and the desired spectral width. 



Claims 

1 . An optical tomography imaging method, comprising 
the steps of: 

i) dividing a low coherence light beam into a sig- 
nal light beam and a reference light beam, 

ii) irradiating the signal light beam to a measur- 
ing site, 

iii) shifting a frequency of the reference light 
beam to a frequency having a slight frequency 
differenc from the frequency of th signal light 
beam, 

iv) causing a r fleeted light beam of the signal 
light beam, which has been reflected from a 
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predetermined deep portion of the measuring 
site, and the reference tight beam to interfere 
with each other, an interference light beam be- 
ing thereby obtained, 

v) measuring an intensity of the interference 
light beam, and 

vi) acquiring an optical tomography image of 
the measuring site in accordance with the 
measured intensity of the interference light 
beam, 

wherein the low coherence light beam is an am- 
plified spontaneous emission light beam, which 
is radiated out from an optical fiber having been 
doped with a light emitting material when exci- 
tation energy is applied to the optical fiber. 

2. A method as defined in Claim 1 wherein the meas- 
uring site is a site of living body tissues, and 

a wavelength of the low coherence light beam 
falls within the range of 600nm to 1 700nm. 

3. A method as defined in Claim 2 wherein the excita- 
tion energy is energy of excitation light having a 
wavelength falling within a wavelength region of 
500nm to 1700nm. 

4. A method as defined in Claim 1 , 2, or 3 wherein the 
light emitting material is a dye capable of producing 
fluorescence. 

5. A method as defined in Claim 1 , 2, or 3 wherein the 
light emitting material is selected from the group 
consisting of transition metal ions, rare earth ele- 
ment ions, and complex ions. 

6. A method as defined in Claim 1 , 2, or 3 wherein the 
light emitting material is at least one kind of ion se- 
lected from the group consisting of Cr 3 " 1 -, Mn 4+ , 
Mn 2+ , Fe 3+ , which are transition metal ions; Sc 3 * 
Y 3+ La 3+ , Ce 3+ , Pr 3+ , Nd 3+ , Pm 3 +, Sm 3 + Eu 3 +, 
Gd 3+ Tb 3+ Dy 3+ t ho 3+ , Er 3+ , Tm 3+ , Yb 3+ , and Lu 3+ , 
which are rare earth element ions; and W0 4 2 ', 
Mo0 4 2 -, V0 4 3+ , Pt(CN) 4 2 ', and W0 6 6 ", which are 
complex ions. 

7. An optical tomography imaging apparatus, com- 
prising: 



the signal light beam, which has been reflected 
from a predetermined deep portion of the 
measuring site, and the reference light beam to 
interfere with each other, an interference light 
5 beam being thereby obtained, 

v) means for measuring an intensity of the in- 
terference light beam, and 

vi) means for acquiring an optical tomography 
image of the measuring site in accordance with 

10 the measured intensity of the interference light 

beam, 

wherein the low coherence light beam is an 
amplified spontaneous emission light beam, which 
15 js radiated out from an optical fiber having been 
doped with a light emitting material when excitation 
energy is applied to the optical fiber. 

8. An apparatus as defined in Claim 7 wherein the 
20 measuring site is a site of living body tissues, and 

a wavelength of the low coherence light beam 
falls within the range of 600nm to 1 700nm. 

9. An apparatus as defined in Claim 8 wherein the ex- 
25 citation energy is energy of excitation light having a 

wavelength falling within a wavelength region of 
500nrn to 1700nm. 

10. An apparatus as defined in Claim 7, 8, or 9 wherein 
30 the light emitting material is a dye capable of pro- 
ducing fluorescence. 

11 . An apparatus as defined in Claim 7, 8, or 9 wherein 
the light emitting material is selected from the group 

35 consisting of transition metal ions, rare earth ele- 
ment ions, and complex ions. 

12. An apparatus as defined in Claim 7, 8, or 9 wherein 
the light emitting material is at least one kind of ion 

40 selected from the group consisting of Cr 34 , Mn 4 *, 
Mn 2+ , Fe 3+ f which are transition metal ions; Sc 3+ , 
Y 3+ , La 3+ , Ce 3 * Pr 3 * Nd 3+ , Pm 3+ , Sm 3+ , Eu 3+ , 
Gd 3+ , Tb 3+ , Dy 3+ , Ho 3 *, Er 34 , Tm 3+ , Yb 3+ , and Lu 3+ , 
which are rare earth element ions; and W0 4 2- , 

45 Mo0 4 2 -, V0 4 3+ , Pt(CN) 4 2 ", and W0 6 6 ", which are 
complex ions. 



i) means for dividing a low coherence light 
beam into a signal light beam and a reference 50 
light beam, 

ii) means for irradiating the signal light beam to 
a measuring site, 

iii) means for shifting a frequency of the refer- 
ence light beam to a frequency having a slight 55 
frequency difference from the frequency of the 
signal light beam, 

iv) means for causing a reflected light beam of 
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